In the DAI staging system detailed above, the types of CC lesions are not considered. To our knowledge, there are few studies examining the influence of different types of CC lesions and their combinations on outcome. The aim of this study was to investigate the influence of multiple and various combinations of CC and DAI lesions on outcome in patients 1 year after TBI.
Methods
We retrospectively reviewed the medical records of 81 patients who were admitted to the Neurosurgery Department at St. Luke's International Hospital between June 2004 and March 2010 and in whom DAI was diagnosed on MR imaging within 2 weeks. There were no patients with multiple traumas (that is, trauma to the face, chest, abdomen, extremities, or pelvic girdle requiring immediate therapeutic intervention). Of the 81 patients, 3 were excluded because of chronic intoxication or psychiatric diseases, and hence, 78 patients participated in this study.
The collected variables were as follows: GCS score on admission, pupil abnormality (anisocoria, pupil dilation, or loss of light reflex), alcohol level, platelet count, and markers of blood coagulation. Skull fractures and the Marshall classification 16 were evaluated with CT scanning, and cerebral contusions and DAI were diagnosed with MR imaging. The MR imaging studies were performed on a 1.5-T Signa Excite or Intera (General Electric Medical Systems) unit using different imaging methods: sagittal turbo spin echo T2-weighted imaging, axial T2*-weighted GRE imaging, axial and sagittal T2-weighted FLAIR imaging, and axial diffusion-weighted imaging. Hemorrhagic DAIs diagnosed on T2*-weighted GRE imaging and white matter abnormalities detected on FLAIR imaging without demonstrable hemorrhagic lesions on T2*-weighted GRE imaging were considered to be nonhemorrhagic DAIs. 23 Those patients with cerebral contusion on CT scans but no other demonstrable lesions on T2*-weighted GRE or FLAIR imaging were classified as not having DAI.
We classified DAIs into 3 types. A single DAI was defined as only 1 lesion in the lobar, CC, or brainstem without other DAIs; a dual DAI was defined as 2 of the 3 lesions without the other one; and a triple DAI consisted of 3 lesions. Among single DAIs, CCI was also classified into 3 types (single, dual, or triple CCI) by using lesions of the genu, body, or splenium as categories. These 3 CC regions were defined by a modification of the Witelson scheme 27 ( Fig. 1) . First, the axis that joined the most anterior and posterior point of the CC was drawn. Second, a perpendicular line was drawn through the most anterior point of the inner convexity of the anterior CC to divide the genu and the body of the CC. Third, another line that was perpendicular to the axis was drawn at the point of the axis of the posterior one-fifth region to divide the body and splenium of CC. Representative T2-weighted MR images are shown in Fig. 2 . Two examiners (M.S. and M.F.) evaluated the radiological images. During MR imaging interpretation, examiners were blinded to clinical information, other radiological images, and EGOS scores.
Outcome was evaluated with the EGOS 12,26 1 year after TBI, either by telephone or during a physical examination in those who were able to visit our hospital. We dichotomized the EGOS scores into good recovery (EGOS ≥ 7) or disability (EGOS ≤ 6).
Statistical analysis was performed using JMP 8.0 (SAS, Inc.). The normality of the data was evaluated using the Shapiro-Wilks test. Variables were expressed as the mean ± SD, the median (interquartile range: 25th-75th percentile), or the number of patients (%), as appropriate. Normally distributed variables were compared using the Student t-test, and nonnormally distributed variables were compared using the Mann-Whitney U-test. A multinomial logistic regression analysis was performed using the variables that were significantly associated with disability according to the univariate analysis. Differences were considered significant at p < 0.05.
The study protocol was approved by the institutional ethics committee.
Results
We found a relationship between EGOS scores and the types of DAIs (Table 1) . Patients with dual and triple DAIs showed a higher proportion of disability; however, this difference was not significant. We investigated the EGOS scores of patients with single DAIs (Table 2) . Patients with CC lesions showed a higher proportion of disability, although the difference was not significant. We also investigated the EGOS scores of those with dual DAIs (Table 3 ). All of the patients with CC and brainstem lesions showed disability, although it was not significant. We then further investigated the EGOS scores and the types of CC lesions in patients with single DAIs (CCIs) ( Table 4) . There were no patients with dual (splenium and genu) or triple CCIs in this study. Among the CC lesions, only a single lesion of the genu was significantly related to disability (p = 0.0284) among patients with CCI.
We divided the patients into those with good recovery and those with disability, and then we divided the patients with DAIs into those with and without lesions of the genu, regardless of the number of lesions in patients with DAI. Table 5 shows the clinical characteristics of the 78 patients with DAI. Patients with disability were signifi- cantly older, had a lower GCS score, had higher proportions of pupillary abnormalities and lesions of the genu, and had a lower proportion of Diffuse Injury I according to the CT classification system of Marshall et al. 16 There were no significant differences between patients in the proportions of other baseline characteristics, mechanisms of injury, or other radiological findings. Similarly, platelet counts and blood coagulation levels were not significantly different (data not shown). With a multinomial logistic regression analysis using variables that were found to be related to disability according to the univariate analysis, GCS scores ≤ 8 and lesions of the genu were found to be related to disability (Table 6) .
Discussion
This study showed that lesions of the genu of the CC were significantly related to disability regardless of the presence of other CCIs and DAIs, even after adjustment for patient age, GCS score, and pupillary abnormality.
The CC is considered to be particularly vulnerable to TBI because of its unique location and composition.
11 It is unevenly affected in TBI; that is, the genu is affected in mild TBI, whereas the splenium is affected in more severe TBIs. 21 The CC is thought to serve several key roles in motor control. The CC transfers lateralized information, such as verbal input from the left hemisphere to the opposite hemisphere, guides unilateral movement, transfers information to coordinate bilateral movements, and transfers information to inhibit contralateral movements during a unilateral motor activity.
7 The integrity of the CC, specifically the white matter tracts carried in the genu, 2, 5 has been related to successful and safe walking, balance, and mobility. 2, 5, 22 In addition, the genu has also been associated with the intricate frontal circuitry involved in executive function, language, motor planning, and visuomotor tasks. 2, 19 The genu is known to contain fibers that connect the left and right prefrontal cortex. 4 The prefrontal cortex, which receives information from virtually every sensory system, has preferential connections with the motor processing structures, and hence, it has been proposed to play a central role in the cognitive control of motor performance. 18 Effective, safe walking requires coordination between various levels of the nervous system and frontal coordination of the executive and cognitive functions. 2 The middle portion of the genu of the CC carries fibers that connect the premotor and supplementary motor areas in the left and right hemispheres. In addition, the middle portion of the genu is related to motor coordination; specifically, that of simple bimanual coordination and more complex tasks that involve asynchronous movements of the hands. 3 The anterior portion of the genu is also related to bimanual asynchronous motor coordination, planning, and mental flexibility. Furthermore, the integrity of the genu has been correlated with global cognitive function, as assessed with the Mini-Mental State Examination score. 22 Patients with lesions of the genu should be more closely examined with respect to this function, and remedial measures should be incorporated into their rehabilitation program if the deficit risks interfere with their daily activities and/or the execution of their profession. In contrast, lesions of the body and splenium were related to interhemispheric transfer of tactile information. 1, 3 Patients with impairments in these functions are unaware of their deficits, because their deficits are compensated for with visual control. 3 Deficits in bimanual coordination may handicap the patient in the execution of activities that require coordinated movements of the hands.
As mentioned, lesions of the genu are thought to contribute to deficits in various functions. Previously, however, few studies have shown that lesions of the genu of the CC were related to unfavorable outcome. This may be explained by the fact that the body (88% of patients) and splenium (81%) are often injured, and the genu is rarely injured (approximately 7%) in patients with DAI, 13 although lesions of the genu were observed in 15% of the patients in the present study.
The grading of DAI into 3 stages with increasing severity and worsening prognosis 10 is based on anatomical grounds.
9 Multiple CC or brainstem lesions predicted poor outcome in a recent study. 20 This study suggested that the previous grading system should be partially revised because patients with single or multiple CC and brainstem lesions showed different prognoses. We partially agree with that study, but we also partially do not agree, because the study did not evaluate the types of CC lesions. In fact, the results of our study suggest that the types of CC lesions, specifically lesions of the genu, and not the stage and multiplicity of DAIs, predict outcome.
Some limitations of this study should be mentioned. First, the study, which was retrospective and was conducted at a single institution, had selection bias. Second, although 2 examiners evaluated the radiological images, inter-and intraobserver variability could not be completely excluded. Third, the number of patients who participated in this study was small, and in particular, the number of patients with brainstem lesions was smaller than the number with lobar and/or CC lesions. As a result, the 95% confidence interval for the odds ratio was relatively large. This might have influenced the reliability of the results. Fourth, the premorbid cognitive performance, which might have an influence on outcome, was not evaluated, although we excluded patients with drug intoxication or psychiatric diseases.
Finally, although diffusion tensor imaging, which has been shown to be a sensitive method for evaluating white matter lesions, can detect abnormalities of the white matter that appear to be normal on conventional MR imaging, 6 it was not performed in this study. For this reason, it is possible that the diagnosis of DAI was not rigorously confirmed. To resolve these limitations, further studies should be performed.
Conclusions
The results of this study suggest that the existence of a lesion in the genu of the CC predicted disability 1 year 
